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SUMMARY

A comparisonofthenoisegenerationofairjetsand
hasbeenmadefromdataobtainedundersimilarfree-field
jetpressureratiosbeloworonlyslightlyabovethatfor
over-allsoundpoweri-swellrepresented.by theEQ@tMll-

turbojetengines
conditions.At
chokedflow,the
parameter,but

theresultsobtainedwiththesfterburningdata=e somewhatlow. AppU-
cationofa correctiL tothedirectionaldatausingnozzle-arearatio

7andjetvelocityrato tothe8thpowergavegoodcorrelationbetween
air-jetandenginedata.Air-jetandenginespectraldataweredissimi-
larbecauseofa dipin theenginenoisespectrum,whichwasprobably
causedby a combinationof ground-reflectioneffectsandadditionstopor-
tionsofthespectrumby compressorandcombustionnoise.

INTRODUCTION

Noiseemanatingfromairjetsandjetengineshasbeenthesubject
ofconsiderablestudyin theUuitedStatesandGreatEritain.Greatly
increasedjet-enginesizeandusagecombinedwiththepromiseofeven
larger,morepowerfulenginesinincreasingnumbersmakethenoiseprob-
lemexkremel.yformidable.Experimentalinvestigationswithairjets
(refs.lto 3)haveshowngoodagreementwithresultspredictedby Iiight-
billfroma theoreticaltreatmenton soundgeneratedaerodynamically
(ref.4). Reference1 correlateddatafromair-jetandjet-enginestud-
ies,someofwhichwerefree-field,testcell,andreverbrantandanechoic
chamberdata.As partofthegeneralinvestigationconductedattheNKX
Lewislaboratoryofthefarnoisefieldof jets,theresultspresentedin
thisreportprovidea compdsonbetweenair-jetiandenginedatameasumd
undersimilarfree-fieldconditions.

Datashowingthenoisecharacteristicsofconvergent,circulartir-
jetnozzlesandthecorrelationofthenoisecharacteristicswithjet
sizesrepresentedinreference3. Eecausethesound-powerandspectra
datapresentedinreference3 showtheeffectofnozzlesizetobe a di-
Tectrelation,onlythedataforthe4-inch-diameternozzle~ presented
forthemostpartin thisreport.
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Thevariationofthenoiseparameterfora widerangeof jetpressure
ratios(jettotalpressure/atmosphericpressure).isalsoincludedinref-
erence3. Theair-jetresultspresentedhereinarelimitedto jetpres-
sureratiosintherangeoftheenginesinvestigated.Forpurposesof
comparisonwithenginedata,theresultsobtainedatpressureratiosnear
chold.ngareofmostinterest.Thesoundfields,spectra,andsoundpower
oftheseairjetsarecomparedto correspondingcharacteristicsoftwo
jetengines.Theengineswereoftheaxial-flowtype,thelargerhating
approximatelytwicethethrustofthesmallerengine.A Lhnitedamount
ofdatawasalsoobtainedwithbothenginesusingafterburners.

In.d.eterminingthecharacteristicsofa noisesource,no aspectsof
humanresponsetothenoiseareconsidered.Refe~nce5 presentsmethods
ofdeterminingh-n reactio.pto soundsofdifferentlevelsandfrequen-
ciesandalsogivesa comprehensivebibliographyonthesubject.

iwmwc’usANDPROCEDURE

,“
/ AirJet/’

Schematicelevationandplantiewsoftheair-jetfacilityareshown
infigure1. Theairheater,thrott~ngvalve,flow-measurementorifice,
mufflers,plenumtank,andinletdiffusersectionareindicated.Screens
wereusedinsidethediffusersectiontoprovideuniformvelocityatthe
kllmouthentryto thenozzles.Additionaldescriptionoftheequipment
is givenin reference3. Compressedairwassuppliedfromremotelylo-
catedcompressorssothatnoproblemof compressor-noiseelimination
etisted.

Thesoundsurveyfieldindicatingtherelativepositionsofne=by
buildingsis showninfigurel(b).Thesoundmeasurementstationsare
shownonthethreeconcentricsectorsofcircleswithoriginsatthenoz-
zleexit.The15measurementstationsoneacharcarein 15°increments
andextendfrom120°fromthejetdirectionononesideto90°fromthe
jetdirectionontheother.

Three600-convergentnozzlesof3-to 5-inchthroatdiameterwere
used.A photographshowingoneofthenozzles,theplenumtank,andnear-
by pipingis showninfigure2.

.
TurbojetEngines

3m

I

Theturbojeten@nesusedintheinvestigationwere_oftheaxial-
flowtypeandhadratedsea-levelthrustvaluesof5000and10,000poundE.
Underratedconditions,thetotal-to static-pressureratioacrossthe
exhaustnozzlewas1.7forthesmallerengin~(engineA) andapproxim@e-
Iy 2.2forthelargerengine(engineB). Eachoftheengineswasmounted
inthethruststand,shownwithengineB infigure3. Theengineswere
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equippedwithlargeinletbell.mouthsections,andonengineB a screen
wasprovidedatthebellmouthentrancetopreventingestionofforei~
material.

Inadditiontothkustmeasurements,fuelandairflowsthroughthe
engineandjettemperaturewereuleasuredin orderto check“engineper-
formanceanddeterminejetvelocity,whichis ofprimeimportanceinthe
aerodynaudcgenerationof sound.

Figme 4 showstheplanviewoftheenginesoundfield.Thesound
measuremmtsweretaken4 to 5 feetabovegroundlevelin 15°increments
averthethreequadrants.SoundmeasurementsforengineA weretakenat
both100-and2~-footradiifromtheengine,andforengineB atthe
2oo-footradius.Thecontrolroomwaslocatedabout100feetfromthe
engineinthequadrantinwhichno soundmeas~nts weretakenand,
becauseofitssmallsizeandlocation,hadnegligiblesound-reflection
effects.Thenearestlargereflettingsurfaceforwardoftheengl.newas
approximately600feetaway,andthesoundfieldtotherearandsides
wasunobstructedforover1/2mile.

AcousticMasumments

Forpurposesof standardizationofnomenclature,theacousticterms
usedhereinarethose&finedin reference6. Sound-pressure-levellmeas-
urementsweremadewitha commercialsound-levelmeter.Measmmentswere
usuallytakenateachofthesoundmeasure=ntstationsatoneormore
radialdistancesfortheairjet(fig.l(b)) andthee@nes (fig.4).
Frequencyspectraweremeasumdwhentheover-allfieldsurveywasmade,
butat1 radialdistance(200-ftrad,nonafterburningengine;400-ft rad,
afterburningenginej and50-ft radjtirjet). Somespectrumdatawere
obtainedat allazimuthsforengineB andthetirjet,andatazimuths
of300,900,and180°fromthejettirectionforengineA. Thefrequency
distributionsweremeasumdwithanautomaticaudio-frequencyanalyzer
andrecorder.Beforeeachtest,boththeBound-levelresterandfrequency
recorderwerecaHbratedwitha smallloudspesXer-typecalibratorand
transistoroscillator.Thefrequencyanalyzerwasmountedinan acousti-
tallyinsulatedtruck,anddirectfieldrecordswereobtfined.

Foroperationoftheair-jetfacility,thesound-~esaureandspectra
datawererecordedatup to 15valuesoftotal.-to static-pess~e=tio
acressthenozzlein ascendingorderofpress- ratio.l?hetirwas
heatedto approximately200°F to eliminaticondensationphenomenainthe
jet.

%ound-pressurelevelin decibelsisbasedona referenceof 0.0002
dyne/cm2.

—-- .—--- —— .— -— ..— .——-—— —— —— . ..—
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Theengine-noisedataofpri= importancecorrespondstotake-off
andinitialclimbconditions.Therefore,mostofthedatame forfull- ‘
engine-powercondition.

Thesoundpowerr@iatedfroma jetsourcecanbe calculatedby an
integrationprocessfromthesound-pressure-levelmeawementsby the
methoddescrikedinreferences6 and7. Thesameprocedureis appld.ed
tothesound-pressurelevelsabtainedforeachl/3-octavebandoffre-
quenciesfrm thefrequency-analyzerdatato givethef~quencydistri-
butionof thesoundpower.Sound-powerlevelisbasedona referenceof In4
10-= watts.

RESULTSANDDISCUSSION

Thefar-fieldnoisecharacteristicsofa source
*finedwhenthedirectionaldistribution,frequency
powerofthesourceareknown.However,differences
becauseoftechniqueandinstrumentationvariations.

d)
M-1

canbe completely
spectrum,andsound
in dataareobtained

Inthefollowingsections,dataforbothairjetsandenginesasa
soundsourcearepresentedandcomparedinthefolluwingorder:direc- -
tionaldistribution,soundp6wer,andfrequencyspectrum.

AirJets

Thedirectionalcharacteristicsofthenoisefromthe4-inch-diameter
airjetareshowninfigure5 forW values@? jetpressureratiofor
threel/3-octavefrequencybandsandtheover-allfrequencyrange.The
directionaldistribtiionis symmetricalaboutthejetaxis,andtherefore
onlyonesideispresented.Forfrequencyvaluesup to andincluding
1000cps,a pronouncedlobeofhighersound-pressurelevelefistsnesr
the30°azimuthfromthejetdirection.Forfrequenciesabove1000CP8,
thesoundfieldismorene=lynondirectional.Theover-alldata(all.
frequencies)showthelobeat 30°witha relativelysmooth,nearlycircu-
lxrpatternelsewhere.

Engines

Thecomplexityofthenoisefroma turbojetengineisillustrated
by thedirectional.distributionofthesoundforengineB withnoafter-
burningat 100-and80-percentratedthrust(figs.6(a)and(b),res-
pectively)andwithtiterburning(fig.6(c)).,Theprominentlobedre-
gionscenteredbetweenthe30°and60°azimuthsfromthejetdirection
emphasizetheconsiderablereductionin levelatalLfrequenciesinthe
directiondirectlybehindthejetandtoa 15°azimuth.Inaddition,

— .-
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relativelystronglobessxeevidentintheforwardquadrantformanyof
thefrequencybands.Thisisespeciallytrueofthe1OOO-CPSdataat
ratedenginethrust.Thisincreaseinthehigh-frequencynoiseforward
oftheen@neisundoubtedlydueto compressornoise.

Air-JetandEngineComparison

Becauseofthelargedifferencesin soundpowerissuingfromairjets
g andjet-en@nes,theair-jetdatame usuallyobtainedclosertothejet,

makingitnecesssrytoapplya distancecorrectiontothedata.Inddi-
tion,thefrequencyofthesoundis a functionof jetdiameter,andthe
soundpoweris a functionofjetareaandvelocity.

Thetheoreticaltreatmentby Lighthill.(ref.4)predictsthatthe
noisegeneratedaerodynamicallyby a jetwill.be proportionaltothe
Idghthi;parameter

where

Po ambientairdensity,slugs/cuft

A nozzle-exitarea,sqft

v jetvelocity,ft/sec

a. ambientacousticvelocity,ft/sec

Figure7 showsthetotalsoundpowerinkilowattsforboththeair
je~.andengine~asa functionoftheLighthil.lparameter.Theengine
dataarepresentedwithandwithoutafterburningforthreevaluesof
thrustforeachengine.Air-jetdataforthreenozzlesizesatpressure
ratiosblow thatforchokedflowarealsoincludedonthefigure.The
Mne onfigure7 representsthebestlinethroughthedataexcludingthe
afterburningdata.ThefactthattheslopeoftheMne isexactlyunity
showsthat,althoughtheenginejettemperatureis highandtheflow
slightlysupersonicforthehigh-thrustconditionofengineB, thesound
poweriswellrepresentedbytheLighthillparameter.

Thiscorrelationshowsthat,basically,thenoisegeneratedby a
full-scaleengineis govertidby thesamelawasthenoiseofa simple

. airjet. Hence,itmaybe $oncludedthattheprincipalcontributionto
jet-enginenoisearisesfro I

T

ttiturbulentmixLngofthejetwiththe
surroundingatpoqphere\

‘::\ \ ,,,,
\

\\ \

\
I
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Theafterburnerdataforbothenginesfallsomewhatbelowthe
straight-linerelationindicatedfortheotherdata.Theresretwoprob-
ableexplanationsforthiseffect:(1)Thehigh-temperatureafterburning
conditionisbeyondthelimitsofapplicabilityoftheL@hthil.1param-
eter,withoutconsideringjetdensity;or (2)thesoundpressuresgener-
atedby antiterburningjetmaybe ofsuchlargemagnitudethattheradi-
atedsoundwavesareno longerd smallamplttudeandhencewouldbe
subjectto thelargeattenuationeffectsassociatedwithfinitewaves
(ref.8).

Polardiagrsmsofthecorrectedover-alldirectionaldistribution
ofthe4-inch-diameterairjetandtwoenginesareshowninfigure8.
Thecomparisonshowsthesowd patternstobe similarwiththeexception
ofthelow-noise-levelregiondisplayedbybothjetenginesnearthejet
SXLs. Thisprobablyresuitsfromtherefractiveeffectonthesoundin
passingfromthejettothesurroundingatmosphere,inwhichthespeed
of soundis lower.

Spectrummeasurementsmadeateachstationaroundtheengineandair
jetareintegratedaspreviouslydescribed,andtheresultsareshownin
figure9. Infigure9(a)thecorrectedspectrumpowerlevelispresented
fortwopressureratiosforthe4-inch-diameterairjet. Theapplication
ofthevelocity-ratiocorrectiontothechoked-flowconditions(pressure
ratio,2.55)isprobablynotentirelyvalid.However,by applyingthis
correction,thechangeinthespectrumresuitingfromthechangein noise-
generatingmechanismdueto shockedflowcanbe seen.An increasein the
high-frequencynoiseis evidentfromthefigure,andthetendencytoward
theformationof lsrge-amplitudediscretefrequenciesis indicated.The
velocityusedforthechoked-flowconditioncorrespondstofulladiabatic
expansionofthejetcalculatedfromthepressureandtemperatureconM.-
tionsattheplenum.At lowfrequenciesthemicrophoneis susceptible
towindnoise(seeref.3),whichshowsup especiallyin s3r-jetdata
becauseofthelessermagnitudeofthesoundpowerinthelowfrequencies.

NoisedataforengineB obtainedattwovaluesofenginethrustare
showninfigure9(b). Hereastiththeairjetanincreasein high-
frequencynoiseoccursattheincreasedpowercondition.Theminimum
nearthecenterofthecurvespossiblyresultsfromgroundinterference
orreflectioneffects(seeref.9). Unpublisheddatastudiedconcern-
ingthiseffectindicatethatperhapsthephenomenonmaybe a function
ofheightoftheengineexhaustabovegroundlevel,thusswortingthe
reflectitity hypothesis.

Spectrum-leveldistributionsforfourazimuthsareshowninfigure
10(a). Thesecondarypeakin thepower-spectrumdistributionsoffigure
9(b)atappro~mately1000cpsalsoappe=sin allthespectraoffigure
10(a),exceptforthe180°azimuth.The1000cpsdataoffigure6 also
showthisreductioninfrentoftheengine(180°azimuth).

.
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Thespectrum-leveldistributionduringafterburneroperationis shown
infigure10(b)forfourazimuths.Thecharacteristicdipinthespectra
at400cpsandthepeakat 1000cpsareagainevident.Spectraforthe
120°azimuthwereobtainedbutwerenotincludedbecauseoftheirsituL-
laritytothe900-azimuthdata.

A comparisonoftherelativefrequencydistributionofthesound
powerfortheairjetandengineis showninfigureM.. cumulativesound
power(percentoftotal.soundpowerbelowa givenabscissavalue)ispre-
sentedagainstStrouhalnumber(adimensionlessparameter).Strouhalnum-
ber (frequencytimesdiametertividedbyjetvelocity)isusedastheab-
scissatobringthecurvesclosertogethertofacilitatecomparison.The
minimuminfigure9(b)fortheenginedatais showninfigme l.1by the
changein slopeinthemiddle-fmquencyrange.Theground-reflectionef-
fectpreviouslymentionedandtheadditiontothehigherfrequenciesas
a resultofcompressornoiseprobablyarethereasonsforthedeviation
fromthedistributioncurvesexhibitedbytheairjet. Combustionnoise
mayalsocontributetothisdeviation.

SUMMARYOFRESULTS

As partofthegeneralprogramtoinvestigatejetnoiseandmeans
foritssuppression,a comparisonwasmadeofthenoisecharacteristics
ofairjetsandturbojetengines.Thefollowingresultswereobtained:

1.Theover-allsoundpowergeneratedbyanairjetandnonafter-
burningjetengineduringgroundoperationatpressw ratiosbelowor
onlyslightlyabovethatforchokedflowwascorrelatedbytheLighthild.
noise-generationparameter.Thisresultshowsthattheprincipalcontri-
butionto jet-enginenoisearosefromtheturbulentmixingofthejetwith
thesurroundingatmosphere.

2:Thesoundpowerradiatedduringafterburneroperationoftheen-
gineswaslowerthanindicatedbytheLighthillpsrameter.

3.Correctionof sound-pressure-leveldirectionaldataby thenozzle-
arearatioand8thpowerof thevelocityratiogavegoodcorrelation
ofair-jetwithenginedata.

4.Thespectraldistributionof soundpowerfortheenginewaschar-
acterizedby a dipintheud.ddlefrequencies,possiblyresultingfroma
combinationofground-reflectioneffectsandadditionstoportionsofthe
spectrumby compressorandcombustionnoise.Air-jetandenginespectra
showeddissimilarityduetothedipin thefrequencydistributionforthe
engine.

LewisFlightPropulsionLaboratory
National“MvisoryCommttteeforAeronautics

Cleveland,Ohio,October19,1955
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Figure1.- Schenmticdiagramofalrsystemandadjacentbuildings.
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Figme4.-Iocatlonoffmglnssoundsurveystationsandcontrolroom.
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(a)Jetpressureratio,2.55. (b)Jetpressureratlo,1.86

Figure5. - Directionaldistributionofnoisefrom4-inch-diameteralrjet. Distancefromjet
exit,50 feet.
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Figure8.- Comparisonof directionaldistributionof soundfromairI jetandengines.Arearatioandvelocityratioto 8th-power
correctionsbasedon alrjethavebeenapplied.Distancefromjet
exit,correctedto 200feet.
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(a) 4-Inch-diameteralrjet. Dlf3tanaefromjetexit,50feet.

. (b)Engine=.

Figure9. - CorreotedspeatrumpowerlevelasSunotlonoffrequency.
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